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The  Use  of  a  Dmep-Water  Sarnia  Radiometer  for  the 
Measurement  of  Radioactivity  in  the  Ocean 

By  L.M.  Khitrov  and  K.A.  Ko*lyarov 

V.I.  Vernedskiy  Institute  of  Geochemistry  and  Analytical 
Chemistry  of  the  Academy  of  Sciences  of  the  U.S.S.R. 

Source:  Radioactive  Contamination  of  Oceans  and  Seas. 

Academy  of  Sciences  of  the  USSR,  Morrow,  1<> ' 
pares  170-182. 

The  total  natural  radioactivity  (r/a)  of  the  o^ear.  is  appro- 

q 

ximately  equal  to  g.io-'  curie  and  is  caused  in  the  main  by  the 
following  isotopes:  K40,  Rb97,  U2^9,  U25',  Th2'?,  Ra2?A£lJ. 

In  addition,  the~e  can  be  found  in  sea  water  natural  radi''- 

a  j  i  a  *7 

active  isotopes  of  cosmic  origin  such  as  CA  ,  T,  3e  ,  3e  ,  Na’  * , 
P'2,  P^®,  S'8,  but  their  part  of  the  total  activity  of  the  ~c «ar: 
i-  small. 

The  major  isotope  causing  significant  r/a  of  th°  oee^ * 
the  isotope/ potassium— 4C  (?.,yp=l..*l  x  10'  vears,  &  (Q°^)=1.3'> 

if  (i?^i  .4SO  rj-ev.  ) . 

Late1  y ,  in  connection  with  the  carrying  out  of  t°sts  r'f  *t c 
weapons  and  with  the  increase  in  the  practical  ato-ic  ° r/v j 

in  the  waters  of  the  World  ocean  there  har  o-rcH-o-»  a  °i ~i*.i fi-ant 
annunt  of  r/a  irotores. 

We  cannot  here  go  into  any  decree  of  de».  : i X  to®  r  o o; 
contamination  of  the  oceans  by  r/a  isoto:-«;  ve  will  n>>t*  cr.lv  * 


r.-'t 
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In  ths  last  fsw  years  questions  connected  with  this  problem  were 
raised  several  times  (first  ana  second  conferences  for  the  peaceful 
use  of  atomic  energy  in  Geneva,  ;Q56-195Q)#  the  section  of  the 
Pacific  Ocean  oceanographic  congress  in  Bangok  in  1959,  the  Confer¬ 
ence  on  isotope  Wrtel  in  Monaco  in  1959  and  others.  One  of  the 
conclusions  in  the  proposition  of  the  non-local  character  of  the 
contamination  of  the  ocean,  according  to  which  r/a  isotopes  can  as 
a  result  of  oceanic  currents  or  of  air  mass  translocations  be  carried 
great  distances  from  the  ?_jdtiT  of  the  atomic  blast  £2  J. 


The  distribution  of  r/a  in  sea 


is  usually  studied  by 


radiochemical  methods  with  ~  _  _ ’  _  .  „ . . 

concentration  and  chemical  separation ] if-  -its  isotopes  LO  vari.or_rq  aeasvring, 
Together  £ page  17lJ  with  this  exact,  sensitive,  but  laborious  method,  attempts 
were  undertaken  to  measure  directly  the  increased  content  of  r/a 


in  sea  water. 


A  whole  line  of  instruments  for  the  deterrinstlon  of  r/a  in 
surface  layers  was  created  at  the  Oceanographic  Institute  in  the 
U.S.A.  LG  .  The  pickup  units  of  these  instruments,  the  major  part 
of  which  were  gas  counters,  were  connected  by  a  cable  to  the  record¬ 
ing  system  on  board  the  ship.  These  instruments  allowed  the  deter¬ 
mination  of  the  gamma  background  on  the  surface  of  the  water  and 
at  a  small  depth  during  movement  of  the  ship. 

B. A.  Nelepo  CO  employed  a  radiometer  usin?  scintillation  data 
units  for  measuring  r/a  of  Antarctic  and  North  -Ulant!"  wat^-s. 

The  measurements  were  done  by  r.in  in  depths  up  to  150  meters  wnile 


the  counter  pulses  were  able  roughly  to  discriminate  energies  by 
means  of  the  counting  apparatus  (KS— 1000C  "Floks")  aboard  the 
research  ship  "Ob*".  V.N.  Lavrenchik  and  G*W.  Sofiyev  W  carried 
out  several  measurements  of  the  r/a  in  the  waters  of  the  Indian 
Ocean  In  depths  up  to  1000  meters,  there  being  received  on  a 
channel  analyzer  several  emission  spectra. 

In  ail  Instances  the  length  of  the  transmission  cable  limits 
the  possibility  of  measurements  at'  .great!;  depths. 

At  the  same  time,  the  direct  and  fast  measurement  of  r/a  at 
deuths  greater  than  1COO  meters  present  significant  interest  not 
only  for  the  elucidation  of  the  character  of  the  distribution  of 

r/a  in  the  ocean  out  also  for  the  elucidation  a  whole  series  of 

* 

r.ydrological  questions  (the  limits  and  directions  of  currents,  th° 
origin  of  oceanic  masses,  etc.). 

Of  special  importance  is  the  elucidation  of  the  question  of 
the  behavior  of  r/a  in  deep-water  depressions  of  the  ocean  s' nee 

at  the  present  time  in  connection  with  the  ouestion  of  burial _ 

of  Va  wastes  of  nusiear  trgnsforjMlap^here  has  been  brought  f ~ ’~vh ri 
the  proposition  of  the  possibility  of  carrying  out  the  above  bu¬ 
rial  .  in  the  maxi. tan  depths  of  the  ocean.  The  final  answer  •  r.at 
question  can  be  given  by  the  direct  study  of  the  di^tributicr,  of 
r/a  isotopes  at  _  put,  _  depths. 

Apparatus  for  the  deep-water  measurement  of  r/a  iia  not  exist. 
In  the  present  work  the  deep-water  radiometer  Hal-1  i*  de^riD**! 
and  several  results  of  the  measurement  of  r/a  in  th»*  Indian  wce^r. 


3. 


are  reported.  The  work  m  done  in  1 959-1960  in  Heeoev  and  on 
board  the  raaaareh  ahlp  "Tityaz*"  during  its  5ift  run. 

Ptigriptlgn  si  iM  Amra^fi 

Tiv  email  number  of  underwater  radiometers  described  in '.the 
literature  are  characterised  bj  the  fact  that  only  the  radiation 
detector  la  lowered  by  a  oable  (or  cable-hawser)  to  the  given  level 
of  measurement.  The  whole  receiving  apparatua  is  located  aboard  the 
ship.  DVT*J 

The  value  of  suoh  a  method  is: 

a)  the  possibility  of  taking  ealaeion  spectra  (in  the  case  of 
scintillation  detectors). 

b)  the  continuous  measurement  and  the  control  of  the  apparatus; 

e)  the  convenience  and  simplicity  of  measurements  at  shallow 

depths. 

However,  systems  of  suoh  a  type  also  have  serious  deficiencies 
a  severe  complication  of  work  with  use  of  a  cable-hawser  of  great 
length,  the  lack  of  dependability  of  its  operation  at  "jsreal  preaiurfei 
and  also  a  sharp  increase  in  the  work  of  measurement  3ince  the  u.ee 
of  a  cable-hawser  calls  forth  the  necessity  of  the  installation  of 
a  special  deep-water  winch  (of  the  GOL  or  trawling  types),  the  work 
of  whioh  is  connected  with  great  expenditures  of  time.  Since  the 
use  of  a  cable-hawser  of  great  length  will  be  justified  only  upon 
the  transmission  of  emission  spectra  (and  not  upon  the  simple  count 
of  r/a),  its  use  will  lead  to  further  complication  of  the  receiving 
apparatus  (multi-channel  analyzer). 


4. 


me 


C rye tal  ]^_JPhotowal  t i plier  y  Aa?llfler|  ^  |Dl»crlnlaator^-fr  jSealer 
T  ” 


*  , 

' 

I  -€  V 

— ~t  w 

:k  of 
iters 

r  ^  r 

rrogram 

sysceas 

Bloc 

cour 

Figure  1.  Block  diagram  of  deep-water  radiometer. 


Figure  2.  General  appearance  of  radiometer  (without  outer  shell). 
1-flange;  2-sleeve  of  photomultiplier  and  crystal;  3-bat^ery; 
4-amplifier,  discriminator,  scaler  device;  5-prograra  system;  6-block 
of  counters;  7-automatic  power  switch;  8-gasket. 


Figure  3«  Block  of  counters  and  program  system. 

1-relay;  2-etep-by-step  switch;  3-block  of  counters;  4 -electric 
clock. 


Another  constructive  answer  is  possible:  the  placing  of  the 
whole  receiving  apparatus  together  with  the  data  set  in  an  auto¬ 
nomous  depth  shell. 

With  this:  a)  the  lowering  of  the  radiometer  can  be  done  with 
the  normal  hydrological  winch  (of  the  "Okean"  type)  on  a  hawser, 
which  does  not  place  any  limitation  on  the  depth  of  measurement;  in 
view  of  the  absence  of  a  lead  cable,  the  guarantee  of  heraeticity 
of  the  apparatus  is  increased;  the  noiseproof  quality  is  increased 
and  induction  on  the  transmitting  cable  is  removed;  the  simplicity 
of  Qwirmilo*  ~1  is  increased.  Disadvantages  of  apparatus  of  such  a 
type  are  the  impossibility  of  control  of  operation  of  the  apparatus 
when  submerged  and  the  delay  in  the  receipt  of  information  until 
the  radiometer  surfaces. 

However,  the  advantages  of  such  an  apparatus  for  the  measure¬ 
ment  of  r/a  at  ffmaiT  depths  were  so  obvious  that  they  determined 
the  construction  of  the  BAG-1  radiometer  described,  jjpage  174 

A  block  diagram  of  the  parts  of  the  deep-water  radiometer  is 
presented  in  figure  1,  the  general  appearance  of  the  apparatus  and 
its  separate  blocks  and  a  radiotechnical  schematic  «re  present"''  ir 
figures  2-4. 

An  NaJ  crystal,  30x10  mm.  in  size  was  used  in  the  deep-wit*'r 
radiometer. 

The  photomultiplier  of  the  FKU-29  type  is  powered  bv  a  battery. 
The  voltage  on  the  photomultiplier  is  about  1000  v.  while  tr.e 


sensitivity  (r«t«r41ac  te  ths  specif lost isms)  is  iful  to  100  up/ 
1«ma*  From  thi •  iMi«  of  the  photomultiplier,  impulses  impinge  oa 
a  twin  emitter  rspsatsr  which  la  aaaaabla4  from  P-402  diffused  tran¬ 
slators.  Ths  tlaa  loading  constant  of  the  photoaultiplisr  is  6 
alcrosac. 

The  basic  requirements  for  tha  aapliflar  of  the  deep-watsr 
radioaatsr  ara  aoonoaj  and  stability  of  function.  This  prsdeter- 
alnsd  tha  choica  of  design  to  transistors  with  feedback  coupling  and 
thernocompansatlon.  Tha  aaipliflar  is  oonotructad  froa  transistors 
with  various  types  of  conductance.  for  tha  strengthening  of  signals 
of  negative  polarity  P-15  (p-n-p)  germanium  triodes  are  used,  and 
for  positive,  P-103  (a-p-n)  silicon  trlodss  ars  used.  An  aapllfler 
of  this  deeS.g a  has  ths  greatest  stability.  Ths  first  two  csscadss 
before  the  discriminator  ea  the  S-2B  diode  have  a  coefficient  of 
amplification  of  about  100,  which  at  the  cutout  voltage  of  the  dis¬ 
criminator  of  i.6v«  insures  the  counting  of'  "^pulses  above  16  mv. 

In  both  cascades,  feedback  coupling  and  theraostablization  are  em¬ 
ployed  by  the  insertion  of  the  emitter  and  discriminator  resistances 
into  the  base  resistances.  Aftsr  ths  discriminator  follows  the  2— 
oaccsde  r-plifier  with  s  coefficient  of  amplification  on  the  order 
of  800.  T-'na  amplifier  is  not  theraostabilized.  The  load  on  the 
second  cas  rie  is  the  step-up  transformer  with  s  transformation 
coefficient  of  1:6.  The  output  pulse  of  the  amplify has  a  posi¬ 
tive  pol&:*tjr  and  a  duration  of  lO 0  microsec.  This  .  pulse  is  fod 
to  the  noraaliser,  which  is  assembled  froa  a  channelises  thyretron 
j*  hot-cathode  grid-controlled  gas  tube^j  .  Proa  the  ronsallzer, 
pulses  of  200  mio rosso,  duration  end  40v.  aaplitudo  are  fed  to  the 
ooaler  device. 

T. 


The  introduction  of  a  sealer  device  into  the  design  Of 


wie 


deep-water  radiometer  allows  the  measurement  of  oceanic  r/a  of  a 
wide  band  of  activity.  A  choice  of  counting  xl,  x2,  x8,  xl6,  and 
x‘52  is  allowed  which  gives  a  possibility  for  making  errors  from 
uncounted  '  pulses  considerably  less  than  the  statistical  error. 
Moreover,  the  scaler  device  allows  calibration  of  the  radiometer 
with  a  standard  of  comparatively  high  activity.  Tho  scaler  device 
is  assembled  from  5  identical  M7*Ch-9Q  £hTX-9oJi2  counting  stages. 
The  limiting  time  for  the  counting  of  periodic  pulses  is  equal  to 
2  msec.  Th'  scaler  device  works  on  the  output  stage  of  a  mechanical 
counter,  assembled  also  from  MTXh-90. 


The  recording  -r  part  of  the  radiometer  (figure  4)  is  a  block 
of  10  mechanical  SB-100-K  counter*  connected  to  the  scaler  device  in 
a  specific  sequence  by  the  program  system,  [page  175] 


Figure  4.  Radiotechnical  schematic  of  the  apparitus.  page  176 
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Th»  program  system  includes  or.  electric  clock,  j*  pclarl  j.ed 
rjfiay,  sad  Shi-11  jjUi  H -llj  step-by-step  switch.  Tne  clock 
con ta -its  close  the  power  circuit  of  the  windings  of  the  polari7ed 
relay,  the  operation  of  which  causes  a  turn  of  the  step-by-step 
s-itcn  to  the  next  position  and,  consequently,  a  switching  of  the 
c  inter.  . r.e  period  of  operation  of  the  program  system  ie  10  ain.£ 
o.c  sec.  r*  is  possible  in  or.r  of  two  regimes:  svi  tilling  of  the 
c;  .inters  every  10  ain.  and  switch- r.g  with  10  ain.  pauc-»3  between 
T.eaeureaen*  r ,  Between  the  switching  on  of  tha  power  and  the  switch¬ 
ing  on  of  t:.e  firat  counter  is  a  period  of  10  ain.  Upon  switching 
of  the  ste^-by-step  switch  into  ths  last  (11th)  position,  the  electro* 
oagnetic  V.,-1  cutout  operates  and  the  radiometer  circuit  ie  turned 
off  coaplerciy. 

The  :ov*r  block  consists  of  four  dry  batteries.  k  high  voltage 
. «ttary  is  built  froa  a  di8k  coil  of  GH-lOO  batteries  nod  divided 
into  five  sections  to  reduce  self-discharge.  The  capacity  of  the 
battery  ie  C.05  a»p/hr  which  with  a  resistance  load  of  IOC  ir.oha  gives 
a  service  period  of  5000  hours.  The  power  battery  of  the  nealer  de¬ 
vice  and  automatic  equipment  is  ;c»po3e<i  of  3A3-0-60 -L-I .!  disk  coil 
b&tterio..  uod  has  a  capacity  hf  1,3  aap/hr.  at  a  voltage  of  150v. 

pence  '  service  of  this  bru^ry  is  1600  houre.  Tee  power 
v.t:eri'?r  the  aap!  Ific  .■  (+6v.  .. o.i— 6v, )  are  made  of  ’Mk  coils 

. f  MS-G-  -2.j  batteries  and  v 'v?  a  capacity  of  1."  r*;/hr.  Cur¬ 
rent  ie  ue*u  froa  both  batteries  a*  1  staap,  which  •»  period  of 

crvice  .  '  2100  hours*  Thus  the  ;  .irlod  of  work  of  the  deep-wat«r 
f'adioaete-  on  one  set  of  batteri'  c  3e  in  fact  limited  ....ly  by  the 
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storage  period  of  the  batteries.  Thia  Is  of  groat  significance 
sinoo  during  the  tiae  of  one  aeasureaent  (200  ain.),  the  power 
voltages  cannot  change  significantly  at  all,  A  radio technical  ache 
oatic  of  the  radioaeter  is  given  in  figure  5  QsicJ  . 

In  the  course  of  work  on  BAG-1  it  was  established  that  the 
slightly  aodified  radioaeters  "Svet-3"  and  "Kris tall*  during  exten¬ 
sive  continuous  operation  do  not  supply  stable  readings  without 
readjustment  of  the  anodal  and  filaaent  voltages,  which  excluded 
their  use  as  a  detecting  unit  in  autoaatic  radioaeters. 


For  the  study  of  the  possibility  of  direct  aeasureaent  of  the 
beta  activity  of  sea  water  several  aeasureaents  were  done  with  a 
p-terphenyl  crystal  placed  on  the  outside  of  the  radioaeter.  The 
light  froa  the  crystal  passed  through  a  special  light  conductor 
aounted  in  the  flange.  The  results  of  the  experiaent  shoved  that 
upon  increase  in  pressure  with  depth,  optical  contact  between  the 
crystal  and  the  light  conduotor  is  broken  and  the  count  is  stopped. 


The  body  of  the  radioaeter  is  aade  of  steel  tubing  with  er=* 

200am. ,  jJ^inner»140aj».  and  length«1400aa.  The  weight  of  the  radio— 
aetar  in  its  fcody  is  about  200  kg.  The  outer  flange  with  the  ring 
for  the  attachment  Q>age  17?J  of  the  hawser  is  welded  to  the  body 
The  lower  flange  is  reaovable.  Onto  it  is  attached  a  brass  sleev* 
to  which  all  blocks  of  the  radioaeter  are  secured.  The  connections 
between  the  blocks  are  _  aade  with  six-contact  connectors.  The  flange 
is  secured  to  the  body,  with  stainless  steel  pins.  Heraeticity  of 
the  joint  ie  effected  by  a  self-packing  gasket  rated  for  pressures 
up  to  1000 


10 


ehip  "Vityas*" 

The  circles  with  numbers  indicate  the  oceanographic  stations 
where  the  radiometric  surveys  were  made  (see  L«]  for  station 
coordinates) . 

Calibration  of  the  radiometer  was  done  n  a  sufficiently  large 
circular  section  tank  (^^5.15  N=4m) ,  volume  of  80.2  nr*  and 

having  a  cement  covering  above,  for  the  exclusion  of  the  effect  of 
the  -ement*8  own  radiation,  the  radiometer  was  placed  at  a  distance 
of  1.5  im  from  the  walls  and  bottom  of  the  tank. 

42 

The  isotope  K  was  chosen  for  the  calibration  process.  It 
was  chosen  as  an  isotope  with  a  short  half-life  (12.44  hours),  with 
a  type  of  radiation  resembling  that  of  natural  (K*2-1.51  mev., 
t*°-1.46  mev.),  and  also  with  simplicity  of  production  (by  p,  iT 

reaction  )• 

The  radiochemical  purity  of  the  preparation  was  determined  by 
its  half-life  (during  Calibration)  and  by  its  gamma-spectrum  taken 


on  a  100 -channel  analyser,  f  page  178  j  The  salt  containing 

u-  — 

vaa  dissolved  in  25  al.  of  water  and  wae  poured  through  a  funnel 
and  glaee  tube  into  the  bottoa  of  the  water  filled  _tank. 

The  equal  distribution  of  the  added  radioactivity  throughout 
the  whole  voluae  of  thetapk  -  was  effected  by  the  energetic  mixing 
of  the  water  by  a  stream  of  compressed  gas  (nitrogen). 

Measurements  were  taken  over  the  course  of  6  days:  the  period 
of  complete  disintegration  of  the  isotope. 

Vith  the  exception  of  the  first  few  hours  of  measurement,  when 
an  excessively  high  level  of  activity  caused  errors  in  the  apparatus 
intended  for  slow  speed  pulse  arrival,  the  data  for  the  "pulse 
values  were  close  in  iptgoliuda  Thus  it  was  established  that  one  pulse 
recorded  by  RAO-1  corresponds  to  31  gamma  quanta/ liter  of  to 
0.348xl0~1(“>  curie/litsr  for  or  0.725x10“^  curie/liter  for 

Procedure 

The  procedure  was  as  follows: 

1.  Development  of  a  schedule  measurements.  The  radiometer 
allows  two  types  of  switching  of  the  mechanical  counters:  conse¬ 
cutively  (regime  I)  or  with  10  minute  intervals  (regime  II).  The 
choice  of  switching  regime  is  determined  by  the  intended  goal,  i.e. 
when  getting  results  with  maximum  statistical  accuracy  at  one  level, 
the  most  rational  is  the  consecutive  switching  of  counters  (regime  I). 
If,  however,  the  measurements  are  done  at  various  levels,  a  ten  minute 
interval  between  switchings  is  necessary  for  placement  of  the  radio¬ 
meter  at  the  assigned  level  (regime  II). 


Work  regimes  I  and  II  diffsr  substantially  with  regard  to  ths 
tiaa  spent  on  the  whole  measurement  (100  min*  for  regime  Z  and  190 
xin.  for  regiae  II)*  Therefore*  in  connection  with  the  necessity 
of  saving  tine*  measurements  were  sometimes  taken  on  various  levels 
using  regime  I — two  on  each  level.  With  this,  of  course,  not  all 
10  counters  were  used  since  part  of  them  operated  during  the  raising 
and  lowering  of  the  radiometer. 


2.  The  translocation  of  the  radiometer  from  one  level  to  another 
was  dono  strictly  by  the  clock — simultaneously  with  the  release  of 
the  time  relay  of  the  radiometer,  a  timer  on  the  deck  was  turned  on. 

The  speed  of  raising  and  lowering  the  apparatus  was  determined  exactly* 
Before  each  translocation,  the  radiometer  was  held  at  the  level  just 
measured  for  1-2  min. 


Usual  translocations  of  the  radiometer  were  1000-2000  m. , 
since  the  apparatus  traveled  through  these  distances  in  the  course 
of  8-9  min.  which  prevented  the  loss  of  data  of  one  of  the  counters. 


3.  Calibration  of  the  apparatus  was  done  before  each  series 
of  measurements,  before  each  lowering.  The  delivery  of  an  identical 
voltage  ^page  179^J  to  the  photomultiplier  was  controlled  by  the 
count  of  a  standard  (cobalt-60:  0.56  microcurie)  with  a  3%  accuracy. 
At  the  same  time  the  soaler  device  on  the  apparatus  was  set  at  1:16. 
Th»  oalibr&tion  was  done  in  the  laboratory  for  one  hour  directly 
before  and  after  lowering  the  apparatus.  Such  a  calibration  allowed 
comparison  with  each  other  of  measurements  taken  at  various  levels. 
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4.  Berne tljmSSg^pt  the  apparatus  na  done  on  the  dsek.  The 
sleere  with  the  apparatus ,  having  been  brought  from  the  laboratsry, 
vne  fitted  late  the  mdioneter  bbdjT  whloh  wee  closed  by  the  flange 
and  gasket. 

Taking  into  account  the  high  humidity  of  the  air  (up  to  98£ 
at  32*C)  in  tropichk  regions  of  the  run  and  the  possibility  of  con¬ 
densation  of  nOisture  on  the  inner  parts  of  the  apparatus  upon  its 
penetration  into  a  cold  layer  of  water,  a  disiccant  cartridge  of 
silica  gel  was  placed  inside  the  radiometer  prior  to  hermetic  eeaixjiy. 

The  high  humidity  also  required  the  holding  of  the  apparatus 
deok  after  finishing  the  aeaeureaents  since  the  opening  of  the  cold 
apparatus  elicited  a  dangerous  Moistening  of  its  parts. 

5.  Data  from  the  mechanical  counters  vaa  recorded  in  the 
laboratory. 

6.  Vork  with  the  BA0-.1  radiometer  was  dons  with  the  hydrological 
winch  "Okean"  on  hawsers  of  5.6  and  4.3  bob.  Two  men  worked  on  the 
radiometer,  one  of  which  was  the  winch  operator.  Computation  of 

the  true  level  of  measurement  was  done  using  the  angle  of  inclina¬ 
tion  of  the  hawser. 

It  was  possible  to  combine  the  work  with  the  radiometer  at 
deep  levels  with  simultaneous  vork  with  other  deep-water  apparatus 
(dredger,  trawler)  from  one  side  of  the  ship.  Measurements  at  depths 
up  to  220  a.  were  carried  out  with  simultaneous  vork  of  apparatus 
on  ths  opposite  side  which  allowed  a  significant  saving  of  time. 
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The  maximum  turbulence  during  some  measurements  was  5  on  the  ®®a 

ir.e  scale. 

Measurements  of  r/a  of  central  and  northern  parts  of  the  Indian 
Ocean  were  done  with  the  RAO-1,  radiometer.  The  oceanographic  sta¬ 
tions  where  the  work  was  done  are  presented  on  a  chart  (see  figure  5). 

The  results  of  the  measurements  are  presented  in  the  table. 

Before  assessing  the  data  obtained,  it  should  be  restated  that 
the  value  of  ai  <pulse  of  the  radiometer  described  (counting  coef¬ 
ficient)  is  3.241*  (1  pulse  corresponds  to  31  gaauna-quanta/min./l. ) . 

The  potassium  content  of  sea  water  is  fairly  constant  and  de¬ 
pends  on  the  tqtal  salinity,  which  changes  insignificantly.  Thus, 
for  instance,  at  one  of  th^  oceanographic  stations  |jf.age  180-Table- 
-page  183~]  (M*  4712),  where  measurements  were  being  taken,  the 

salinity  values  changed  with  depth  in  the  following  fashion: 


Depth,  . . 1.,.0  1  104  1000  2000  3665 

Salinity,  % . 35.46  .  36.5  .  35.3  34.87  34.75 

i.e.  the  difference  amounted  to  about  4£.  For  sea  water,  the  speci¬ 
fic  activity  of  . was  determined  as  720  deoays/min./l . , 


or  86.4  gamma-quanta/min./l. ,  these  variations  amount  to  about  3 

gamma-quanta/ min. /l. ,  which  will  not  be  recorded  by  the  radiometer 

at  the  given  ipulse  value.  Therefore,  on©  can  consider  the  natural 
40 

K  background  of  sea  water  constant. 

Then,  from  the  "pulse  value  and  from  the  average  reading  of 
all  measurements — 60.?  ''"pulses/min . ,  we  get  the  average  background 
of  the  radiometer  equal  to  57*2  jpuises/min. 
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Ta#  Dcattir.  obtdini«  f  rw*  the  aieaj'ufvuitati  Cali  b«»  attilbutou  tCi 

1)  statistical  scatter  or  measurements  of  both  the  sea  water 
and  the  background  of  the  apparatus  itself; 

2)  ins  lability  of  operation  of  the  apparatus. 

Let  ua  evaluate  first  the  instability.  It  was  checked  several 
times.  The  mean  scatter  of  results  after  100  min.  of  measurement 
of  a  standard  of  0.56  microcurie  did  not  exceed  1 %. 


In  order  to  check  the  dependence  of  operation  of  the  apparatus 
on  temperature  changes,  the  radiometer  was  subjected  to  a  multi¬ 
hour  cooling  in  the  food  refrigerator  chamber  of  the  research  ship 
"Vityaz1".  The  temperature  was  thus  changed  by  40*C  (from  +348  to 
-68).  Continuous  measurements  were  made  with  the  abcvementioned 
standard.  Deflections  of  readings  during  the  temperature  lowering 
were  +6%. 


It  should  be  indicated  also  that  the  temperature  of  deep  layers 
of  the  ocean,  starting  at  1000  m.,  is  fairly  constant  so  that  the 
larger  part  of  the  measurements  are  taken  at  the  same  temperature. 

Consequently,  the  working  instability  of  the  radiometer  appa¬ 
ratus  does  not  exceed  6$  (in  the  direction  of  decrease  of  readings), 
which  giver,  a  reading  change  of  . 6  pulses/min. 


Statistical  errors  of  "  measurement.  Taking  the  ’mean  back¬ 
ground  of  toe  radiometer  as  5’7.2  pulses/min.  and  the  average  level 
..f  activity  of  sea  water  (for  the  riven  radiometer)  at  3  pulses/ 
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Statistical  arror  : _ _  ±}»5  fculsea/ain.  At  the  eaae 

tias  the  calculated  data  Matter  of  the  apparatus  attributed  to 

statistical  aeaaureasnta  sad  apparatus  error  '  i»  _  10  pulses/ 

aia.  j^page  182^ 

The  general  scatter  of  data  on  all  readings  corresponds  with 
this  quantity. 

It  snculd  be  noted  that  with  an  activity  change  of  the  water 
by  two,  i.e.  with  an  activity  of  160  gaaaa-^uanta/ain./l. ,  the  data 
scatter  weald  oe  not  less  than  17  .jpulsea/ain. 

Thus,  tne  minimal  threshold  sensitivity  of  the  radioaeter  is 
240  gaaaa-q.» -nta/ain./l. 

On  not  one  of  the  oceanographic  stations  visited  in  .  the  aeas- 
ureaent  survey  was  the  scatter  found  to  be  more  than  10  ip./ min. 
at  various  levels,  therefore  it  can  be  assumed  -  that  the  activity 
levels  do  not  oxoeed  200  quanta/ ai n./l. 

The  dependability  of  this  conclusion  and  the  dependability  of 
the  calculated  value  of  the  radioaeter  accuracy  are  substantiated 
by  the  exj -riaental  data  of  the  calibration  of  the  apparatus.  The 
specific  activity  of  of  1.1x10-^  curie/l.  was  clen^ly  recorded 
by  the  rod  i-.aeter  (11  .pulse 3 /ia in.  on  a  background  ,1  r.Z  '  . pulses/ 

ain.  after  .0  ain.  of  aeasurement)  with  an  accuracy  of  10£. 
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1*  Thera  wee  created  an  original  automatic  deep-water  gw>- 

radiometer  with  a  sensitivity  threshold  of  2x10  J>1°  curia,  intandad 
for  tha  measurement  of  r/a  at  the  maximum  dapths  of  the  ocaana 
of  tha  world. 

2.  During  measurements  of  the  gaaaa-background  of  the  depths 
of  tha  central  and  northern  parts  of  tho  Indian  Ocean  in  I960,  there 
vfa8  not  found  any  increaee  in  the  r/a  level  exceeding  the  natural 
level  by  aore  than  2-3  times. 
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